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Abstract: A geographic information system �GIS� is found to be a platform of choice for meeting the needs of several core engineering
functions. However, there is a dearth of GIS usage for engineering management service functions �EMSFs�, which typically are specific
to individual jurisdictions. This study outlines a simple approach for automating EMSFs on a GIS platform and demonstrates its efficacy.
In the first phase of this research, a review of GIS applications in various municipal government functions is conducted. The review
indicated that most municipal governments have currently employed GIS for a variety of general administrative services such as revenue
collection, data archival, and information dissemination purposes. The proposed approach is demonstrated by developing a GIS model for
a sanitary sewer reimbursement �GIS-MSSR� program at a fast-growing urban municipality. Data modeling issues related to representing
complex management tasks within the context of a relational database model are discussed. Development of functional requirement
specifications for GIS models and their implementation are also discussed. The effectiveness of the approach is verified by highlighting
productivity gains resulting from the development of GIS-MSSR. The research concluded that several complex engineering service
management functions can be automated on GIS platforms to realize substantial productivity gains. Automating multiple tasks, however
small they might be, in an integrated environment can increase the productivity even further.
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Background

Local municipal government bodies such as city councils and
county boards play a pivotal role in providing services to citizens
and regulating urban development. Most municipal governments
use geographical information systems �GIS� for a variety of
general services such as revenue, archival, and information
retrieval purposes. As would be expected, the extent of GIS use
varies significantly among municipal governments within a state
and across the country. Even for jurisdictions that maintain an
exhaustive set of data for GIS purposes, the extent of GIS uses
within many divisions of that government can be vastly different.
In general, penetration of GIS is more prevalent in performing
administrative tasks than conducting engineering analysis, design,
and management. Since many of these routine tasks are
specialized and specific to the local jurisdictions, a limited set of
off-the-shelf tools is available to meet the needs of these tasks.
Furthermore, the intricacy of analytical steps involved in
infrastructure management tasks coupled with the complexity of
associated engineering computations is a deterrent to developing
custom solutions at resource-strapped local governments.
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This study deals with a structured approach for automating
engineering management processes on a GIS platform. The
approach is focused on treating GIS solution development as an
operating expense rather than capital expenditure. The study
methodology is demonstrated via integrating a sanitary sewer
reimbursement program on a GIS platform in Fairfax County,
Virginia, which is a fast-growing urban municipality. Principal
objectives of the study are to
1. Conduct a review of GIS use for engineering services man-

agement among municipal governments across the United
States;

2. Outline a simple approach for developing GIS-based appli-
cations for automating engineering management functions;

3. Develop a GIS model to demonstrate the effectiveness of the
methodology; and

4. Provide a comparative assessment of a GIS-based model
over manual procedures in terms of productivity measures.

It should be pointed out that the research presented in this
paper is applied in nature and is aimed at increasing the use of
GIS for meeting the needs of engineering management service
functions �EMSFs� by municipal governments.

GIS Applications for Engineering Services
Management

Environmental Systems Research Institute �ESRI� �2005� pro-
vides an insightful and thorough overview of a number of GIS
applications in various municipalities around the world. A close
scrutiny of these applications indicates that various local govern-
ments use GIS predominantly for mapping, administrative, and
information dissemination purposes. In many engineering depart-

ments at the local level, GIS is primarily used as a depository of
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data on infrastructure such as road and utility networks and as a
tool to conduct perfunctory analysis to query and synthesize ex-
isting data. Certain municipalities have adopted the use of GIS-
based custom tools to conduct core engineering functions �CEFs�
such as design and analyses.

Engineering management service functions �EMSFs� differ
from CEFs in one significant way. Usually, CEFs reflect nation-
wide engineering practices and are not specific to local jurisdic-
tions, whereas EMSFs are infrastructure management practices
that are specific to individual jurisdictions, and steps in a typical
EMSF include one or more CEFs. A review of the literature on
the computing component of CEFs indicates that well-defined
engineering tasks are performed with the help of domain-specific
software, GIS, and custom spreadsheet applications. For example,
CEFs such as capacity analysis and study of hydraulic behavior in
water distribution and sewer networks can be performed using
such commercially available stand-alone or GIS-based modeling
software as SewerCAD, Eagle Point, Hydra, Mouse, MIKE
SWMM, and InfoWorks �Baik 2004�.

In recent years, there has been increased emphasis on devel-
oping solutions for CEFs on GIS platforms �Abudayyeh et al.
2004; Joshphar et al. 2005; Bowman 1998�. Miles and Ho �1999�
raised an awareness of the issues related to GIS-based modeling
in civil engineering modeling. The paper also highlighted the po-
tential for the misuse of GIS in the context of engineering mod-
eling and suggested that this potential can be reduced through
education and awareness. Preusch and Rezakhani �1999� dis-
cussed issues related to the integration of GIS and watershed
modeling and indicated that GIS is used to preprocess watershed
data, delineate watershed boundaries and drainage areas calcu-
lated from a digital elevated model �DEM�, generate runoff curve
numbers �RCNs�, and develop and display runoff hydrographs.

Denning �1993� has discussed the potential of GIS to drasti-
cally change the way municipal and state-employed engineers
work on roads, water systems, sanitary engineering, and planning
issues. With the availability of GIS on desktop computers since
the mid 1990s, the penetration of GIS in small government func-
tions has increased �Borchardt and Tonias 1996�. Sanghavi and
Mattejat �2003� enumerated different ways of managing statewide
storm-water best management practices �BMP� facilities in the
state of Maryland. The article does not provide insights into man-
aging sewer systems at the local level. Herzog and Labadie
�2000� discussed the importance of GIS in reducing costs of in-
stallation, expansion, and maintenance of storm and wastewater
management systems. Storm-water and wastewater administration
applications discussed include maintenance, hydrologic modeling,
flood control, and storm-water quality. Murphy �2000� outlined
the newest technological developments in GIS and how they af-
fect civil engineers. Technical issues related to hardware, soft-
ware, and data management were discussed. The use of GIS for
transportation infrastructure development and management is
prevalent �Turton 2003�. Most transportation engineering man-
agement applications at the state level are related to pavement
management. In jurisdictions where pavement management is en-
trusted to municipal governments, the use of GIS for these func-
tions in limited. Stidger �2002� discussed major issues related to
managing transportation system by municipal governments.

In general, engineering departments in most municipal govern-
ments use GIS in combination with specialized software �e.g.,
Water CAD� for meeting the needs of certain well-defined ana-
lytical tasks such as watershed analysis and management. For
example, the county engineer’s office of Lancaster County, Penn-

sylvania, prepares state-mandated Act 167 storm-water manage-

332 / JOURNAL OF COMPUTING IN CIVIL ENGINEERING © ASCE / SEPTE
ment plans for watersheds within the county using GIS in
combination with storm-water modeling software �Lancaster
County 2005�. The concept behind the plans is to address storm-
water and flooding issues on a regional basis. Additionally, in
Medina County, Ohio, a GPS monumentation project was initi-
ated in 1998 to establish a countywide coordinate system that
would enable the sanitary engineers to geographically locate
water and sanitary utilities for mapping purposes. �Pritchard
2005�. At present, Medina County does not use these GIS data for
engineering management purposes.

Baik �2004� conducted a short survey of state of the practice
among county governments throughout the United States. The
purpose of the survey was to identify, at the county level, certain
general issues related to EMSF and some specific issues related to
using a GIS platform to perform sanitary sewer management
functions. Representatives of the following county/municipal
governments were first contacted via e-mail about the intent of
the project as follows:
• Jefferson County, Alabama;
• Oakland County, Michigan;
• Fairfax County, Virginia;
• City of Fairfax, Virginia;
• Loudon County Sanitary Authority, Virginia;
• Prince William County, Virginia;
• Sanitation Districts of Los Angeles County, California; and
• King County, Washington.

The respondents were later followed up with phone calls.
However, appropriate technical persons at each agency were in-
terviewed in such a way that their expertise on issues specific to
this research is adequately summarized. The following is a sum-
mary of the review of state of the practice related to EMSFs in
these counties:
• Many municipal agencies are using GIS for a variety of

applications. However, most engineering analytical tasks are
performed using software designed for domain specific
applications.

• Public works departments in each of these counties are respon-
sible for several EMSFs to maintain and manage infrastructure
facilities. Practices related to EMSFs such as sanitary sewer
management vary significantly across municipalities.

• The perception among the analysts at the agencies contacted in
the survey is that it is very difficult to represent many business
processes involved in EMSFs as data models that are consis-
tent with GIS.

• Most municipal government officials �mainly technical per-
sonnel� contacted for this review recognized the potential for
GIS-based business processes to improve productivity.

• The officials also expressed a strong desire to automate within
a GIS environment as many engineering functions as possible.
However, due to various constraints, many of which have been
identified by Przybyla �2002�, the penetration of GIS for these
functions is found to be limited.
The survey also indicated that several technical and financial

issues impede the adaptation of GIS for the needs of CEFs and
EMSFs. Currently, the needs of many EMSFs are still met by
traditional mechanisms such as manual computations and crude
automation tools. Due to financial considerations as well as the
seemingly complicated nature of many such tasks, the potential
for using GIS for these functions has not been exploited.
Furthermore, most municipal governments treat the development
of GIS-based solutions as a capital expenditure, which subverts
the justification for developing GIS-based solutions for these

seemingly smaller, albeit numerous, tasks.
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Przybyla �2002� cited Waterford Township, Michigan, as an
exemplary municipality where most township departments use
GIS for solving a variety of engineering problems. These
solutions range from computerized maintenance and management
of sewer and water facilities and services through addressing
land-use zoning questions. Przybyla also outlined the following
seven major obstacles to successful implementation of GIS in
public works functions:
1. The need for quantitative definition of financial payback at

the beginning of the project;
2. Lack of vision or plan for GIS;
3. Treatment of GIS solely as a technology issue rather than a

people issue;
4. Internal organizational barriers or other bureaucratic hurdles;
5. Balancing between hiring and retaining the right personnel

and outsourcing a project;
6. Budgeting; and
7. Treatment of GIS as a capital expenditure and not as an

operating expense.
While certain common practices do exist among counties, the

potential for developing a single GIS solution that will serve the
functional needs of many counties is minimal. Varying levels of
GIS-related knowledge and skills among policy makers, manage-
ment, engineers, and GIS analysts and a communication gap
among these constituents further compounds the complexities of
adapting GIS for CEFs and EMSFs.

Study Approach and Methodology

The review of state of the practice at various public works depart-
ments indicated that policy makers, management, engineers, and
GIS analysts could benefit from a study that highlights a struc-
tured approach to developing GIS-based solutions to EMSFs. The
approach should address various issues related to developing GIS
solutions for engineering functions. That is, issues ranging from
providing a reasonable justification for the development of the
GIS model to addressing various computational complexities as-
sociated with model development must be addressed in the pro-
posed approach. In this section, a structured approach to adopting
GIS for EMSFs is outlined. This approach is focused on overcom-
ing the seven obstacles outlined by Przybyla �2002�. A schematic
representation of the approach is presented in Fig. 1.

The methodology does not call for an a priori cost-benefit
analysis of the development of GIS applications, but rather treats
GIS as an operating expenditure and not as a capital expense. In
most cases, the need for developing a GIS tool for EMSF may
be qualitatively justified based on one or more of the following
factors.
• The process involves at least one subprocess or component

that requires spatial analysis;
• The process comprises a series of complex and/or manual

computations that could result in many errors;
• Steps in the process are repetitive in nature;
• The demand for the services involving the process is moderate

to high; and
• A significant amount of engineers’ time is diverted to meeting

the demands of engineering management.
Once a decision on acquiring or developing a GIS tool for the

task is made, a careful review of existing data such as GIS layers
and other ancillary data should be conducted. This review can
save significant amounts of time and effort as opposed to gather-

ing data from ground zero. In addition to the available data layers,
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the task may require additional data items related to the processes
specific to the task and the local regulations governing these pro-
cesses. Restrictions on the lot size of dwelling units within certain
zones may be cited as an example of regulations governing the
process of issuing housing permits for new construction. Suitabil-
ity of commercially available application programs or software
tools should be evaluated. These tools can be classified in two
broad categories:
• Core GIS application software, developed and distributed by

GIS vendors such as Environmental Systems Research, Inc.
�ESRI�; and

• Domain-specific analytical tools that may or may not be based
on GIS platforms.
The main advantages of core GIS software include the capa-

bility of producing quick visual display of spatially related data
and facilitation of elementary analytical tasks such as spatial and
network analysis. However, nontraditional GIS tasks require ad-
ditional development efforts within the GIS platform. It is essen-
tial to examine the capabilities of available tools and the scope for
adopting these tools to suit the needs of the given EMSF. Should
a suitable off-the-shelf custom application be available, it is
highly desirable to acquire and adopt that tool to meet the com-
putational and administrative needs of the EMSF. If no suitable
tool exists, a GIS model is developed on a suitable platform. The
GIS model should also be subjected to a series of tests to ensure
accuracy of the final output. At a minimum, the results of manual
analysis at various steps should be compared vis-à-vis results of
the GIS model. Thus, the following important issues should be
sorted out before a GIS model can actually be developed:
• Which data items pertinent to the task are currently available?
• Which additional data items are required and how might these

be collected and compiled?
• What type of off-the-shelf application tools, GIS based or not,

are available that can be adapted to serve the needs of the
task?

• If no off-the-shelf application tools are available, what is the
feasibility of developing a solution on a GIS platform? In
other words, what are the internal resources available to de-
velop a custom GIS solution to meet the needs of a given

Fig. 1. Schematic representation of the research methodology
EMSF?
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• What will be the optimal relational data model of the GIS
solution and how might the data items be put together for the
GIS model?

• What will be the functional specifications of the GIS model?
• Which development environment best suits the data model and

what are the development-related issues?
• How do the solutions provided by a GIS model compare to the

results of manual operations?
• What are the productivity implications of automating the task

in a GIS environment?
Effectiveness of this methodology may be demonstrated by

examining the needs of EMSF for utility infrastructure manage-
ment at local governments.

Utility Infrastructure Management at Municipal
Governments

Utility networks are part and parcel of GIS data layers in many
counties and other municipal governments. To establish the
importance of developing GIS-based solutions to the needs of
engineering management tasks, the complexities associated with
managing utilities infrastructure are discussed in this section.

Typical computing challenges in fast-growing urban areas
range from such tasks as maintenance and management of
existing utility networks to providing utility services to newly
developed neighborhoods. Usually, meeting the needs of core
engineering functions �e.g., design and construction� for utilities
such as electric power, water, and waste water distribution
systems is relatively straightforward. Several off-the-shelf
computer-aided design �CAD� and GIS solutions exist to meet the
needs of most CEFs. However, the same cannot be said about
the EMSFs. Due to scarcity of financial resources, municipalities
are resorting to innovative financial mechanisms for building
new service facilities such as trunk power, water, and sewer
lines. Furthermore, connecting new service facilities to the
existing networks or privately financed trunk lines and getting
reimbursed for the new service is often a challenging engineering
management problem.

When new housing or commercial developments are built, the
utility services are tapped into the existing network. When the
privately sponsored utility lines are being tapped into by these
new developments, the municipal jurisdiction has the obligation
to reimburse the entities that sponsored the construction of
utility lines. Usually, such reimbursement processes are based
on complex sets of rules that take a variety of variables into
consideration. For example, electric utilities are highly regulated
in many states. Should a new service request be made for a
new housing development project that is located far away
from existing developments, only certain portions of the cost
of laying the new electric transmission lines can be charged to
the developer. Similar rules govern the reimbursement process for
the new lines for sanitary sewer and water distribution lines.

As would be expected, the rules governing the reimbursement
process for any new utility service need to be worked into a
network modeling framework. For example, in cases involving
determination of sanitary sewer reimbursement, the sewer
sections that are subject to reimbursement need to be identified
within the network of sewers. In most cases, the reimbursement
estimation is requested several times until developers/contractors
actually pay for the charge, which means that each time a new
estimation is prepared, the same exercise needs to be repeated.

This is why it has been difficult to obtain reimbursement
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estimation from public agencies. Most of the time, plan review
engineers perform the reimbursement estimations. In addition to
performing design verifications, a review engineer’s normal duties
include reviewing plans; yet a disproportionate amount of plan
reviews still greatly disrupt the engineer’s other routine tasks,
thereby affecting the plan review schedules as well.

In most municipalities, the plan review engineers are often
assigned these reimbursement tasks but these are not included in
the normal duties of the engineer. The plan review engineer
maintains and provides accurate calculations each time a request
for information and estimated reimbursement is made. Because of
its complexity and the turnaround time associated with such
processes, these services are usually offered on a limited basis.
Automating reimbursement estimation will improve efficiency of
the plan reviewer’s task management, the level of public service,
save time, and provide accurate estimation every time. A solution
based on a GIS platform that incorporates various elements of
the plan review process can provide an efficient engineering
management tool to achieve this goal.

Sanitary Sewer Reimbursement Systems

Issues related to sanitary sewer management and reimbursement
programs vary with type of municipal area �Baik 2004�. That
is, for mature municipalities with low to moderate growth,
the principal focus will be on the maintenance of existing faci-
lities. On the other hand, fast-growing municipalities face
challenges related not only to maintenance but also to expanding
services to newly developing neighborhoods. To illustrate these
differences, sanitary sewer management programs in a mature
municipality �Los Angeles County, California� and a fast-growing
urban county �Loudon County, Virginia� are discussed �Baik
2004�.

The Sanitation Districts of Los Angeles County are a confed-
eration of independent special districts serving about 5.4 million
people in the county. The agency is made up of 25 separate sani-
tation districts working cooperatively under a joint administration
agreement with one administrative staff. The agency’s 1,300 mi
of main trunk sewers and 11 wastewater treatment plants convey
and treat approximately 530 million gal per day �mgd�, 190 mgd
of which are available for reuse in the dry southern California
climate.

Reimbursement programs by sanitation districts are offered
when a developer wants to install a sanitary sewer system that
will be utilized for the future sewer services for others and wants
to get reimbursed for the extra construction cost for the sewer
installation. Undeveloped land is scarce in the mostly urbanized
southern California. If developers propose to connect to the sani-
tation district’s trunk line, the agency can negotiate the sewer size
to accommodate future needs. During the negotiation, the sanita-
tion district pays the difference in construction cost to upsize the
new sewers. GIS is an essential tool to manage the entire sanitary
sewer infrastructure system in Los Angeles City, but GIS is not
part of the sanitation district’s sanitary sewer reimbursement
program.

Loudon County �Virginia�, the fastest growing county in
United States per the 2000 census, has a sanitary sewer reim-
bursement program that is conducted on a case-by-case basis.
Included among the two types of improvement programs in Lou-
don County are capital-funded improvement projects and
developer-funded projects. Capital-funded improvement projects
are budgeted and funded by the Loudon County Sanitation Au-

thority �LCSA� and constructed by contractors. Developer-funded
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projects are very similar to the reimbursement program that sani-
tary sewer system installation is funded by the developer and the
future users pay a prorated share as new service is connected to
the sewer system.

LCAS currently does not utilize GIS to manage sanitary sewer
reimbursement contracts but reimburses the original developer,
who installs the sanitary sewer system with private funds in a
10-year time frame without interest. The future customers pay
availability fees during permit processing time. If the future con-
nection is made directly to the existing system, a local facility fee
is assessed in addition to the availability fee. If a sanitary sewer
system is extended from the existing sewer, there is no extra local
facility fee. The LCSA sanitary sewer reimbursement program is
maintained today as it was years ago, and files are kept in hard
copy. Since GIS is a relatively new technology for Loudon
County, no GIS model is available for maintenance of a sanitary
sewer network or management of a sanitary sewer reimbursement
program.

Sanitary Sewer Reimbursement in Fairfax County,
Virginia

The sanitary sewer reimbursement program in Fairfax County—a
neighboring county to Loudon County—is an EMSF aimed at
innovatively financing major infrastructure development projects
in this fast-growing county. The county offers the sanitary sewer
reimbursement program to developers on a case-by-case basis. At
the time of this study, the county maintains 28 active agreements
related to privately sponsored sewer mains. The county’s sanitary
sewer reimbursement agreements authorize the county to col-
lect the prorated share cost from the future customers and reim-
burses the original sanitary sewer infrastructure builder in a 20-
year period. That is, the original developer will be reimbursed
during the ensuing 20-year period from the sewer system accep-
tance date, or the agreement will be fulfilled if the construction
amount is paid in full. Prior to this research effort, the county
maintained and managed the sanitary sewer reimbursement agree-
ment program manually with the help of spreadsheets and data
tables.

As a plan reviewer receives plans for appraisal, the review
engineer checks the tax map grid and general construction area.
During the plan review process, the sewer connection point �sani-
tation outlay� is identified, and the existing sanitary sewer will be
traversed on the paper map to check if any part of the downstream
sewer is subject to reimbursement charges. A sewer-traversing
task is similar to a network pathfinding problem with one
exception—flow can happen only in one direction, that is, down-
stream. The review engineer follows the sanitary sewer map until
the downstream sewers are clear of any reimbursement boundary
or junction point.

If the proposed sewer is going through the existing sanitary
sewer that is already subject to reimbursement, the engineer pre-
pares specific worksheets. These worksheets show sections of
sanitary sewer reimbursement, and the review engineer requires
performing sewer unit conversion. The unit is converted to a
single residential house usage equivalent based on four members
in a house. This equivalent usage is called a “call-one” unit, and it
is equivalent to 370 gal of wastewater per day. All other land
usage is converted to equivalent single dwelling house units by
using a conversion table that shows water usage estimation. These
conversion tables are adapted from the Virginia Commonwealth’s

sewage collection and treatment regulations.
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For example, if a developer is building a 200-townhouse
community, and the wastewater from these townhouses is going
through a sewer that is subject to reimbursement charges,
the review engineer will multiply 300 gpd with 200 townhouse
units. The product is then divided by 370 gpd to convert to single
house units. After computing the single house units, the review
engineer adds the section amounts, depending on how many
different sections of existing sanitary sewer the proposed town-
houses’ wastewater goes through. The summed amount multiplied
by the converted house unit will be the principal reimbursement
amount.

It is a practice in Fairfax County to add 10% interest to the
principal reimbursement. After the principal reimbursement is
calculated, the review engineer counts the number of months
from the acceptance date to the current date and divides the total
months by 12 to get the number of years. The product of principal
amount times 10% times the number of years will be the applied
interest. The interest will be applied for the first 15 years only,
which means that the reimbursement amount will be the sum of
the principal amount and interest up to 15 years; the amount does
not change after the 15th year until the agreement expires after
the 20th year.

After this worksheet is completed, the review engineer passes
the work to another engineer to ensure that the calculations are
done correctly. Once the calculation is checked, the review engi-
neer prepares a letter to the plan-submitting developer for sanitary
sewer reimbursement notification.

When the submitted plan has been approved and the project is
built, the developer is required to apply for a building permit to
make the physical connection to the existing sanitary sewer sys-
tem, and it is the time the developer needs to pay exact reimburse-
ment charges. At this point, the county’s account and revenue
section recalculates an exact amount with a computer program,
which was developed in the COBOL language. Once a year, the
collected reimbursement charges are reimbursed to the original
developer who signed the reimbursement agreement and built the
sanitary sewer infrastructure system.

Need for Automating the Reimbursement Process

While the county does not have any financial stake in the pro-
gram, due to the technical nature of the task and the computa-
tional complexities involved, it is currently performed by the plan
review engineers. When a reimbursement request is filed with the
county, the engineers meet the request when they are not engaged
in other routine engineering tasks for which the county has pri-
mary responsibility. When dispensed to the task, the engineers
collectively spend about 2 h for a typical sanitary reimbursement
request. In a given year, 100 to 150 such reimbursement requests
are filed with the county. It is widely believed that the number of
requests would be much higher if the turnaround times for the
filed requests were faster. Furthermore, current manual operations
subject the process to potential errors that could result in errors to
the tune of hundreds of thousands of dollars.

Owing to the time demands on technical personnel performing
this task and potential errors in manual computations, the poten-
tial exists for this process to be fully automated with the help
of GIS databases. However, the county was reluctant to devote
resources to develop a GIS solution to automate this program
for two reasons. First, the development process was seen as a

capital expense and the economic benefits of automation, if any,
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perceived to be minimal, and second, the steps involved in the
process were seen as complex and not compatible with typical
GIS functions performed by the county.

Subverting the status quo, this research was undertaken by
justifying the need for automating the process on two simple
qualitative grounds: �1� to reduce turnaround time; and �2� to
eliminate human error.

Software Evaluation

A thorough review of existing GIS-based software tools was
conducted to evaluate the suitability of existing software to meet
the needs of the sanitary sewer reimbursement program. The
purpose of this review was to accomplish the automation task
with minimal budget and effort. Different types of software ap-
plications were evaluated. Generally, certain analytical tasks re-
lated to water distribution and sewer networks are performed
using network models that incorporate fluid dynamics analyses.
Many such applications are developed either as stand-alone
graphical models or as add-ons to a generic GIS platform such as
ESRI’s ArcView.

Certain static and dynamic modeling programs are being used
to model hydraulic modeling for storm, sanitary, and water man-

Fig. 2. MOUSE s
agement. In most cases, GIS data layers are either integrated or

336 / JOURNAL OF COMPUTING IN CIVIL ENGINEERING © ASCE / SEPTE
embedded into the stand-alone modeling software. One of the
most critical analytical tasks for a sanitary reimbursement pro-
gram is the ability of the model to conduct network modeling
such as pathfinding and capacity-restrained flow modeling. The
review of existing software indicated that almost all of the com-
mercially available sewer systems modeling programs have the
capability of integrating with GIS and have built-in network
analysis capability.

Included among the review of modeling software are static
modeling tools such as SewerCAD, EaglePoint, and Hydra,
which facilitate modeling of fluid flow capacity �Baik 2004�.
Fully dynamic tools such as Mouse, MIKE SWMM, MWH, and
INFOWORKS were also evaluated �Baik 2004�. These modeling
tools have some common features such as hydraulic behavior and
capacity analysis. The main difference between static and dy-
namic modeling is with respect to the flow diagram. In static
modeling, the flow diagram is the same for all situations, but in
reality the flow diagrams change due to head loss and friction and
with time. Therefore, the dynamic modeling programs provide
more realistic facility planning to save from oversizing and over-
budgeting. �i.e., economic and engineering solution�.

To evaluate the application tools for the purpose of the sanitary

sewer modeling
anitary
sewer reimbursement program in Fairfax County, full functional
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demonstration programs were installed and tested. Both Info-
Works and MOUSE are capable of performing very complicated
real-time analytical functions as well as extensive network analy-
sis �Fig. 2�. In these models, tracking upstream and downstream
sewer branches was a very quick and smooth operation, and iden-
tifying overflow sections was a simple task for both programs.

Table 1. Entity Descriptions in the GIS Model for Sanitary Sewer Reim

Entity/table/layer �type� Short descr

Sewer lines �SEWERLINE� Existing network of sewers defined
manhole str

Manhole structure �STRUCTURE� Existing manholes in t

Reimbursement contract
�REIMBURSE�

Paper archive of existing contrac
beneficiaries of reimbu

Reimbursement pipes
�REIM_PIPE�

Paper archive of existing sew
reimbursement when tapped i

Land use �LANDUSE� Spreadsheet of reimbursement rates

Table 2. Staff Resource Requirements for Sanitary Sewer Reimburseme

Staff title Task

Engineer II Estimate and prepare notificat

Engineer II Checking calculation

Engineer Technician III Recalculation during permit proc

Engineer Technician II Collection
aFairfax County, Va.: 2004 average pay rates.

Fig. 3. Data m
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However, none of these static and dynamic modeling programs
provide mechanisms to integrate the sanitary sewer reimburse-
ment program. Owing to this main limitation of the commercially
available off-the-shelf sewer network modeling programs, the de-
velopment of a GIS model for sanitary sewer reimbursement
�GIS-MSSR� task is seen as a viable alternative.

ent

Comment

stream and downstream Countywide GIS �line� layer available

er network Countywide GIS �point� layer available

developers who are
nt program

Data to be tabulated and added to the system

k lines subject to
new constructions

Data to be tabulated and added to the system

ary by type of land uses Data to be added to the system

Time requirement

Manual
�min� GIS tool Rate/ha

60 5 min $34.90

20 Nil $34.90

30 Nil $30.29

15 15 min $25.16

or GIS-MSSR
bursem

iption

by up
uctures

he sew

ts with
rseme

er trun
nto by

that v
nt Task

ion

essing
odel f
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GIS Model for Sanitary Sewer Reimbursement

ArcView �version 8 and later� offers the flexibility to develop
external modules and integrate them with other GIS applications.
Incorporated inside the ArcView development environment is the
Visual Basic application development �ESRI 2005�. For this rea-
son, ArcView 8.2 is selected as the platform on which the sanitary
sewer reimbursement program will be automated.

Data Model for GIS-MSSR

Representing management tasks as data tables related to GIS
layers is perhaps the most complicated step in the development
process. At a minimum, the management task has to be de-
composed into database tables that have at least one common
attribute with a GIS layer and/or other data tables. Data pertinent
to sanitary sewer system mapping and reimbursement manage-
ment are listed in Table 1, and the attributes of each of the entities
listed in Table 2 are detailed by Baik �2004�.

Currently, sewer data tables and GIS layers exist in Fairfax
County for sanitary sewer, manholes, approved sanitary sewer
service area, 400 ft administrative rule overlay, sewer sheds,
pump stations, and force mains. The sanitary sewer network layer

Fig. 4. Critical da
�SEWERLINE� and manhole tables �STRUCTURE� are essential
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for calculating reimbursement charges. From the SEWERLINE
data table, pipe_id is the primary key for each sanitary sewer
segment, and it is connected to STRUCTURE data table’s
structure_id as upstream and downstream manholes. Each man-
hole is a node point in the entire sewer system database, and
therefore any new proposed sanitary sewer is connected at a man-
hole, which then facilitates modeling through one of the existing
sewer pipe segments.

Representing the entire reimbursement process as tables in a
relational database setting posed a challenge. Details such as year
of contract, original cost, reimbursement rate, etc., on existing
reimbursement contracts with developers are represented as the
table REIMBURSE, and details on the pipe segments subject to
reimbursement are represented as the table REIM_PIPE. As
would be expected, not only are REIMBURSE and REIM_PIPE
related to each other, but these tables are related to the existing
sewer network table SEWERLINE by pipe identification pipe_id
as the foreign key. As the reimbursement is dependent on
the land-use classification of the pipes subject to reimburse-
ment, a separate table LANDUSE is created and linked to the
ERIM_PIPE table. The entity-relationship diagram presented in
Fig. 3 illustrates the nature of attributes and the interrelationship
of the above entities/tables. A screen capture of the data tables for

ties in GIS-MSSR
ta enti
these critical entities is shown in Fig. 4.
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Functional Requirements of the Sanitary Sewer
Reimbursement System

Functional requirement specifications capture the intended behav-
ior of the system. This behavior may be expressed as services,
tasks, or functions the system is required to perform. The follow-
ing functional requirements outline the functionality of the
GIS-MSSR.
1. The primary function of the GIS-MSSR is to serve the task

needs of the sanitary sewer reimbursement process for new
as well as existing developments. Additionally, the applica-
tion should serve as a tool to analyze the downstream sewer
utilization �length, flow capacity, etc.� from any manhole lo-
cation in the sewer distribution network.

2. At a minimum, the application should access layers of GIS
data on land parcel and utility network �road, sewer, and
water network�.

3. Sanitary sewer reimbursement processes and related prac-
tices in Fairfax County should be integrated into the model.
These practices should be transformed into relational data
tables that can be integrated with GIS data layers.

4. The user should be able to use the application in the form of
an extension to the ArcGIS environment.

5. As the initial step in the computational process, the user shall
initiate the sanitary sewer reimbursement task by identifying
�flagging� the manhole as the outfall for the future sewer

Fig. 5. Demonstration of the functionali
connection.
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6. A pathfinding algorithm must be implemented to traverse the
sewer network downstream of the outfall upon selecting an
option: “Trace Downstream.”

7. Cost computations based on the sewer network utilization
must be performed upon selecting an option: “Calculate Re-
imbursement.”

8. The user should be given an option to select land-use type
�e.g., residential or commercial� and the number of housing
units �e.g., number of detached housing units and town-
houses�.

9. Reimbursement calculations should be visually displayed for
review and verification. Furthermore, the user should be
given an option to print the computations, along with a map
of the sewer network where sewer lines used by the new
neighborhood are identified. The printout should be in the
form of a notification letter from the county to the developer.

Development of GIS-MSSR

The logic pertaining to the entire sanitary sewer reimbursement
process is represented as a flow chart �Baik 2004�, which is then
implemented as Visual Basic code inside the ArcView 8.2
development environment. The following five major modules
outline the technical details of the tool GIS-MSSR and its inner

IS-MSSR �Elmasri and Navathe 2000�
ty of G
workings.
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Module 1: Selection
1. User selects the land-use type of the new development from

the land-use table.
2. The GIS interface user also selects the manhole at which

sanitary outfall from the new development is connected.
3. The network analyst of ArcGIS is invoked to trace the down-

stream sewer lines of the sanitary sewer network line layer.

Module 2: Flow Conversion
User inputs are mapped into the land use and flow table and the
flow rate is computed.

Module 3: Sanitary Sewer Reimbursement Program Details
1. The selection set of the sewer lines �from Module 1� is

Fig. 6. Typical notification
looped over.
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2. The details of the sanitary sewer management program for all
the downstream sanitary sewer lines are obtained �reimburse-
ment amount, remaining life of the contract, etc.�.

Module 4: Check Reimbursement
This module flags those sewer lines that are subject to
reimbursement.

Module 5: Calculate Reimbursement
In this module, yearly reimbursement and interest are computed
and output for all the sewer lines used by the new development.

The functionality of GIS-MSSR corresponds closely to the
functional requirement specifications, and the working mecha-
nisms of the model are illustrated in Fig. 5. Fig. 6 shows an
official notification generated by the system for an actual reim-

enerated using GIS-MSSR
letter g
bursement calculation.
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Productivity Measures of Effectiveness
for GIS-MSSR

The Bureau of Labor Statistics �BLS� of the U.S. Department of
Labor defines productivity as the rate of output per unit of input.
Productivity is difficult to measure because outputs and inputs are
typically quite diverse and are themselves hard to measure. Indi-
vidual measures of productivity can vary significantly across in-
dustries. For example, in a private enterprise, productivity can be
measured by the ratio of revenue per employee, the return on
assets, and at a more specific level, the number of widgets pro-
duced per hour at a given plant running with a given level of
staffing, equipment, energy, and other inputs.

In measuring the productivity of the economy of a country, a
simple and often-used measure of productivity is real gross do-
mestic product �GDP� per person-hour worked in the economy.
However, while real GDP is a good and comprehensive measure
of total output, person-hours worked is, for many purposes, an
inadequate measure of inputs because it neglects variations in the
quality of labor and ignores other inputs, notably capital goods.
Although more difficult to represent empirically, multifactor pro-
ductivity is a better measure because it takes into account all
factor inputs, not just labor �BLS 2005�.

In many economic analyses of new projects, time and money
saved by employing the new tool or method are often used as
measures of productivity. In this section, an attempt is made to
measure the productivity gains that can be realized by employing
MSSR in Fairfax County engineering management functions.
About 125 plans required sanitary reimbursement calculations in
Fairfax County �in 2004�. Each reimbursement calculation re-
quires from 20 min to an hour; the average time required for a
manual reimbursement calculation is approximately 40 min.
Table 2 shows the staff time requirement and pay to estimate the
total staff time and cost to process reimbursement estimations.

The total cost of all engineering staff members is about
$68 per each reimbursement processing, which is equivalent to
approximately $8,500 for 2004, where about 125 reimbursement
computations were completed. This amount reflects only the
actual services provided and does not account for additional re-
imbursement estimation that could have been requested due to
availability of staff time. Time requirements for completing the
process with the help of the GIS tool are significantly shorter than
the time requirements for the manual operations. In terms of staff
cost, the automated system will cost the county about $2.91 per
reimbursement, or a cost saving of about $65 �95%� per reim-
bursement. This is a great example of how public money and staff
resources can be saved using GIS.

It should be noted that the above time and cost savings did not
take into account the cost of development of the GIS model in
terms of developer time and resources used. The development of
the model was done by plan review engineers for the county, who
are also skilled in developing GIS tools. The development of
GIS-MSSR is done purely for research and demonstration pur-
poses rather than as a county-sponsored project. Should this be a
county-sponsored project, the estimated cost of developing the
model is about $5,600 �or one person-month of the developer’s
time�.

The solution developed for this engineering management task
is therefore expected to more than break even in the first year of
its use. It should also be pointed out that all the hourly rates used
in this comparison are unburdened rates; that is, no indirect costs
are included. If the indirect costs are included, the cost savings

are expected to be noticeably greater.
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Conclusions

The state of the practice review indicated that most municipal
governments have embraced GIS for administrative and some
core engineering functions. It is determined that the use of GIS
for engineering management service functions in municipalities
across the United States is sparse for a variety of reasons. The
approach and methodology discussed in this paper are focused
on providing qualitative justification for EMSFs at municipal
governments with a GIS environment. However, adapting
this methodology to a sanitary sewer reimbursement program
in Fairfax County, Virginia, demonstrated that substantial pro-
ductivity gains can be realized when EMSFs are automated
on GIS platforms. Most notable benefits of such automation are
the reduction in turnaround time, which can translate to several
thousand dollars in annual cost savings. In the public works
departments within municipal governments across the country,
several engineering management tasks related to urban infra-
structure can be automated in a similar fashion. Though it is
hard to quantify the productivity gains resulting from each
operation, collectively a GIS-based engineering management sys-
tem for municipal government can yield significant productivity
gains.

It is believed that this demonstration will entice many munici-
pal governments to rapidly embrace GIS for the needs of EMSFs.
It should be pointed out that the applied nature of the research
presented in this study is consistent with the nature of typical GIS
undertakings for a variety of problems.
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